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doi:10.1016/j.jtcvs.2005.10.037bjective: Pulmonary artery banding is associated with a high morbidity and
ortality. We describe a new technique of adjustable pulmonary artery banding to
revent these problems.
ethods: Between December 2003 and May 2005, 32 patients aged 18 days to
years (mean age, 2.5  0.5 months) and weighing 2.1 to 6.3 kg (mean, 3.6 
.3 kg) underwent adjustable pulmonary artery banding.
esults: All patients survived the operation. There were 2 deaths, one caused by
eningitis and another caused by aspiration pneumonitis. Satisfactory band gradi-
nts were achieved between 3 and 10 days (7.2  2.6 days) in 3 to 6 sittings. Mean
ollow-up was 7.5 3.8 months (1-16 months). One patient required reoperation for
nsatisfactory band gradient 2 weeks after discharge. There were no late deaths.
ollow-up computed tomographic angiograms (n  4) demonstrated proper band
lacement and ruled out distortion of the pulmonary arteries. Four patients under-
ent uneventful definitive operations after an interval of 7 to 13 months.
onclusion: This technique of percutaneously adjustable pulmonary artery banding
s simple and inexpensive and allows easy band adjustments without the need for
ultiple reoperations.
espite primary repair being the procedure of choice for most of the complex
cardiac malformations, pulmonary artery banding (PAB) is still a useful
initial palliation for a definite subset of patients. Since its inception, PAB
as been accompanied with high mortality because of the sudden increase in the
fterload to the ventricle. Difficulties of adjusting the appropriate band size also led
o overbanding and underbanding, both contributing to higher morbidity and sub-
equent reoperations.1-3 Various methods of adjustable PAB were proposed to
liminate these problems,3-8 but none of these methods became popular because of
omplexity and cost involvement. We have developed a simple, inexpensive, and
ffective method of adjustable PAB, which is presented here.
ethods
etween December 2003 and May 2005, 2413 operations were performed for various
ongenital heart diseases. Of these, 32 patients aged 18 days to 2 years (mean age, 2.5  0.5
onths) and weighing 2.1 to 6.3 kg (mean, 3.6  1.3 kg) underwent adjustable PAB at the
ll India Institute of Medical Sciences, New Delhi, India. The underlying cardiac diagnoses
ere multiple ventricular septal defects in isolation or with associated other system morbid-
ties (n  15), univentricular heart (n  12), double-outlet right ventricle with additional
nomalies (n  3), and atrioventricular canal defects (n  2).
Standard anesthesia techniques with endotracheal intubation were used. A small cannula
as placed in the radial artery for arterial pressure monitoring, and 2 peripheral veins wereannulated for venous access.
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DInformed consent was obtained from all patients. The preferred
pproach was through a median sternotomy. Lately we have
tarted performing this operation through an upper partial sternot-
my in which only the manubrium is divided. After sternotomy,
he thymus was split open but not excised. The pericardium was
pened just enough to expose the great vessels. The aorta and the
ain pulmonary artery (PA) were separated from each other
roximally. The ductus was dissected out and clipped in all cases.
right-angle forceps was passed between the aorta and the PA,
nd the PA was looped with a No. 2 Ethibond (Johnson and
ohnson Inc, Somerville, NJ) suture. The right-angle forceps was
gain passed in a similar fashion, and the suture was grasped again
y the tip of the right-angle forceps so that the PA was doubly
ooped. Now both the ends of the thread were passed through
0.5-cm  0.5-cm polytetrafluoroethylene (PTFE) pledget
IMPRA, Inc, Tempe, Ariz), which was anchored to the adventitia
f the PA with interrupted 6-0 polypropylene sutures to prevent
igration of the band. Both the arms of the Ethibond suture were
lipped to each other with a ligaclip (LT200; Ethicon Endo-
urgery, Inc, Cincinnati, Ohio) flush with the PTFE pledget. These
utures were then brought out through the pericardium, which was
losed after placing one temporary epicardial pacing wire on the
ight ventricle. After pericardial closure, the 2 ends of the suture
ere brought out through the lateral edge of the sternum and then
hrough the subcutaneous tissue and skin. The sternum was then
losed. The 2 ends of the suture were then passed through a
-cm  2-cm PTFE pledget and clipped together with a big
igaclip (LT400, Ethicon Endo-Surgery, Inc). The ends of the
uture were then tied together to form a loop. The patient was then
hifted to the intensive care unit. The two ends of the suture were
hen tied together to form a loop (Figure 1).
Tightening of the band was started when possible after the
atient was extubated and was on room air. If it was believed that
he heart failure would prevent extubation without tightening of
he band, it was carried out in increments enough to achieve
xtubation, and the final tightening was deferred. Tightening was
chieved by placing additional clips outside between the PTFE
ledget and the previous clip while the electrocardiogram and
xygen saturation with pulse oximetry were monitored. Echocar-
iographic assessment was performed simultaneously to estimate
he band gradient and to assess the ventricular function. The
ightening was performed in 3 to 6 sittings at intervals of 1 to 3
ays, adding not more than 30 mm Hg gradient at a time. In
-ventricle candidates the target was to achieve a gradient of
round 60 mm Hg with a minimum acceptable saturation of 85%.
For single-ventricle candidates, the band was tightened as much
s possible. However, we ensured that the saturation did not
ecrease to less than 75%. If there was hemodynamic compromise
uring tightening or there was bradycardia or a decrease in the
aturation, the band was loosened by simply removing the lower-
Abbreviations and Acronyms
PA  pulmonary artery
PAB  pulmonary artery banding
PTFE polytetrafluoroethyleneost clip and allowing the threads to retract down. b
22 The Journal of Thoracic and Cardiovascular Surgery ● MarcOn achieving satisfactory gradients, the band was internalized
y simply opening up the subcutaneous plane for about 1 cm and
lipping the 2 threads together. Above this, the sutures were cut to
elease the portion of the band outside the skin. The skin was then
losed with 2 interrupted sutures. We observed that the band
radient increased by 5 to 10 mm Hg at the time of internalization.
After discharge from the hospital, these patients were followed
p after 1 month and then at every 3-month interval. At each
ollow-up visit, they underwent clinical examination, measurement
f saturation and echocardiography for band gradients, and esti-
ation of PA pressure and ventricular function.
esults
ll patients survived the operation. The median duration of
echanical ventilation was 6 hours (range, 2 hours to 20
ays). No inotropes were required. There were 2 deaths, one
aused by meningitis and another caused by aspiration
neumonitis. Satisfactory band gradients were achieved be-
ween 3 and 10 days (7.2  2.6 days), and the band was
nternalized between 7 and 20 days (median, 10 days).
ean follow-up was 7.5  3.8 months (1-16 months). One
atient required reoperation for unsatisfactory band gradient
weeks after discharge. At the time of reoperation, the band
as found to have become loose because of the slippage of
lips anchoring the 2 threads in the subcutaneous plane.
his was attributed to a technical error leading to improper
and fixation.
There were no late deaths. Follow-up computed tomo-
raphic angiograms (n  4) demonstrated proper band place-
ent and ruled out distortion of the PAs. The band gradients
ncreased by 2 to 12 mm Hg without hemodynamic changes.
our patients underwent definitive operations after an inter-
al of 7 to 13 months. In 2 patients undergoing a bidirec-
ional Glenn shunt at reoperation, the main PA was divided
nd repaired with autologous glutaraldehyde-fixed pericar-
ium. In the other 2 patients undergoing closure of ventric-
lar septal defect, a longitudinal pulmonary arteriotomy was
ade across the band, and the PA was repaired with autol-
gous glutaraldehyde-fixed pericardium. The remaining pa-
ients are awaiting reoperation.
iscussion
onventional PAB has been reported to carry a high mor-
idity and mortality.1,2 A fixed band suddenly increases the
fterload to the ventricle, and if the band is too tight, there
an be bradycardia, hypotension, severe hypoxemia, and
ometimes cardiac arrest. On the other hand, a loose band
efeats the very purpose of this operation, and multiple
eoperations might be required to achieve optimal gradients.
here is no definitive guide to achieve satisfactory band
ightening; intraoperative pressure measurements alone
ave not proved effective in evaluating the adequacy of the
and.3-7 This problem is likely because the gradients are
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Dchieved when the patient is receiving a high concentration
f inspired oxygen and is paralyzed and sedated.
For these critically ill patients, there is a need to develop
method of banding that is delicately adjustable not only
uring the operation but also postoperatively because the
atient’s hemodynamic and respiratory condition might
hange postoperatively, thereby altering the gradient cre-
ted at the time of the operation. Several investigators have
eveloped a variety of adjustable bands.3-8 Bonnet and
olleagues8 have recently described their early results with
telemetric adjustable FloWatch pneumatic device in which
ightening and loosening are regulated by an external con-
rol unit. Although effective, this device and the other des-
ribed methods are expensive, require special equipment,
nd have not found general acceptance.
Gradual and delicate tightening and loosening of the
and are possible with our method, making it particularly
seful. Two-dimensional echocardiography and continuous-
ave Doppler study were used to ascertain the best-
olerated degree of tightening along with the dynamic per-
ormance of right and left ventricular size and function. This
s important because gradient alone is not an adequate means
f assessing tolerable outflow obstruction. The most important
dvantage is that the tightening is carried out under physiologic
onditions when the patient is off ventilator and off inotropes.
lso, because the band is tightened at multiple sittings, the
ncrease in afterload to the ventricle is gradual and can be
djusted to that tolerated by the patient without hemodynamic
nstability under normal physiologic conditions. It can be loos-
ned immediately in the case of poor tolerance. Furthermore,
his technique is simple, inexpensive, does not require special-
zed equipment, and is minimally invasive in those instances
n which it is performed through a ministernotomy.
An initial concern about this type of band was that the
A could get tented toward the sternum and could lead to
A distortion, as well as making sternal re-entry hazardous
t reoperation. To address these concerns, we performed
omputed tomographic angiography in 4 randomly selected
atients at follow-up and found that these concerns were
isplaced. Also, the sternal re-entry at reoperation was not
ifficult, and the PA was not adherent to the back of the
ternum. Another concern was that the suture used for the
and might cut through a dilated and tense PA. However,
e have not observed this. Careful dissection and placement
f the band, avoiding trauma to the adventitia of the PA,
ppear to have prevented this complication. Also, we ini-
ially feared pressure necrosis of the skin underlying the
TFE pledget; to prevent this, we ensured that the size of
he pledget was large enough (1 cm  2 cm) to distribute
he pressure in a wider area.
A limitation of our study is that it is an early experience,
nd we do not have direct measurements of the PA pres-
ures. However, the echocardiographically achieved gradients a
The Journal of Thoracicave been satisfactory, and the band has been an adequate
nitial palliation in patients who have undergone reoperation.
he findings at reoperation suggest that there were not many
dhesions around the band, and there was no distortion of the
A. In addition, there was no band migration, and it was well
ositioned without compressing the left or right PAs.
None of our patients have required loosening of the band
igure 1. The technique of adjustable pulmonary artery banding.
he Ethibond suture is doubly looped around the pulmonary artery
PA), passed through a polytetrafluoroethylene (PTFE) pledget (T),
nd a clip (C) is applied to both the threads flush with the pledget.
hey are then passed through the pericardium, sternum, subcu-
aneous tissue, and skin and through another PTFE pledget (TT),
nd another clip (CC) is applied above the TT before being tied
ogether to form a loop. Subsequent tightening is done by placing
dditional clips between the outside clip (CC) and the TT.t follow-up. We believe that the purpose of the band is to
and Cardiovascular Surgery ● Volume 131, Number 3 623
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Drovide short-term palliation, and any loosening that might
e required in the initial postoperative phase can be easily
chieved before internalization of the band, which is usually
erformed after 10 to 20 days. However, if long-term palliation
s desired, the potential for somatic growth is a concern.
onclusions
his technique of percutaneously adjustable PAB is simple,
nexpensive, and allows easy band adjustments without the
eed for multiple reoperations.
We thank Dr H. V. Jayant Kumar for drawing Figure 1.
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